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Abstract: Radiation therapy is a valuable option for 
treatment of skin cancer. In order to deliver the radiation 
dose to the superficial skin tumor, an X-ray source, 
electron beam radiation therapy or a radioisotope is 
applied. The effectiveness of these procedures is well 
established in the literature. Findings of some recent 
studies have indicated that beta particles can be of 
particular interest in suppressing skin tumor growth. Beta-
emitting radioisotopes are favorable because of the short 
penetration depth of their emitted particles. Beta radiation 
can induce significant damage in superficial skin tumor, 
and at the same time, result in enhanced protection of the 
underlying healthy tissues. In this study, we propose the 
design of a patch that can be used in beta radiation therapy 
of skin cancer patients. 

For that, we describe the components of this 
radioactive patch, as well as a proposal for the subsequent 
clinical application procedure. A scaffold was used as a 
substrate for embedding the desired beta-emitting 
radioisotope, and two layers of hydrogel to provide 
protection and shielding for the radioactively labelled 
scaffold. The proposed design could provide a universal 
platform for all beta-emitting radioisotopes. Depending on 
the depth of the tumor spread, a suitable beta emitter for 
that specific tumor can be selected and used. This is of 
particular and critical importance in cases where the 
tumor is located directly on top of the bone and for which 
the depth of penetration of radiation should be limited to 
only the tumor volume. The proposed design has the 
mechanical flexibility to adapt to curved body regions so 
as to allow the use in anatomically challenging areas of 
the body. 
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1. Introduction

Skin cancer is one of the most common types of
malignancies for which a variety of therapeutic options 
are available. Though surgery is considered as the gold 
standard, cryotherapy, photodynamic therapy, 
chemotherapy, and radiation therapy are also options for 
treatment [1].  These non-surgical procedures are 
particularly preferred by patients for treatment of clearly 
visible pathologies, e.g. located in the face, as they are 
associated with more favorable cosmetic results. 

Application of ionizing radiation in the management 
of the skin cancer is interesting not only because of 
favorable cosmetic outcomes [2] but is also supported by 
its proven effectiveness in treating several specific types 
of cancer. Skin tumors are generally superficially-located 
tumors, for which superficial radiation therapy is 
commonly used. The superficial dose is usually delivered 
using a low energy X-ray sources, electron beam radiation 
therapy or a radioisotope [3]. The potential therapeutic 
benefits of beta particles have encouraged the use of beta-
emitting isotopes for radiation therapy of skin tumors as 
well. Beta radiation, due to its short range, penetrates a 
few millimeters in the tissue resulting in severe damage to 
the superficial target structure with minimum side effects 
to the healthy tissue nearby. Because of the superficiality 
of the skin tumors, beta radiation would be an interesting 
option in the management of the skin cancer. For 
example, 32P patches have been used, and a study 
confirmed complete tumor regression in an animal model 
of skin cancer in a 40 Gy single-dose scheme [4]. In other 
similar studies, skin patches coated with beta emitter 
radioisotope 166Ho were successfully applied to treat 
Bowen’s disease where radioactive patches were put on 
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the surface of skin cancer for time periods of 30 to 60 min 
to deliver a radiation dose of 35 Gy [5]. Similarly, 
radioactive patches coated with 90Y have been prepared 
and tested to control superficial tumors in mice. 
Radioactive patches of up to 100 MBq radioactivity used 
in that study showed to be a promissory effective 
treatment for fibrosarcoma [6].   

Our proposed concept of integrating a beta-emitting 
radioisotope in a scaffold structure with hydrogel layers 
could be universally applicable. The current paper 
describes the design of it, and the procedure that it can be 
applied to the patient. 

2. Method and material  

The scaffold used in this study was fabricated by a 
custom melt electrospinning writing (MEW) 3D printer 
from medical grade polycaprolactone. For technical 
details of the device refer to [7]. 

 

The scaffold was fabricated in the dimension of 20 by 
60 mm2.  Afterwards, the surface was treated with O2 
plasma (Plasma Cleaner PDC-32G, Harrick Plasma). 
Plasma treatment of MEW scaffolds was done for 10 
minutes, in two 5-minute sessions for treating both sides 
of it. Plasma treating is a technique that is usually used for 
pre-treating of a surface before coating or printing. It 
results in cleaning of the surface of the scaffold from the 

foreign contamination, making it ready for the following 
processing step.  

The next step was loading the particles on the plasma 
treated scaffold. The scaffold was first cut into smaller 
scaffold pieces and then embedded in the solution 
containing 90Sr particles. 90Sr particles were used as proof-
of-principle to avoid working in a dedicated nuclear 
facility but can be replaced with any beta-emitting 
radioisotope in a real scenario. For 90Sr coating, the 
scaffold was immersed in a 500 ml of 1 M solution of 90Sr 
salt for 4 hours. Then, the solution was removed, and the 
scaffold was allowed to dry at room temperature.  

Then, to evaluate the load of 90Sr particles on the 
scaffold, it was imaged via SEM (TM3000 SEM, Hitachi) 
(figure 1).  

A potential scenario involving beta radiation therapy 
of skin cancer using the proposed method is illustrated in 
figure 2. First, shape and size of the tumor on the skin 
surface are determined (figure 2.1). Based on the size and 
shape of the skin tumor, a scaffold is fabricated. It is then 
treated with plasma and loaded with a desired beta-
emitting radioisotope to have a tumor-specific radioactive 
scaffold (figure 2.2). In order to provide isolation between 
the skin and the radioactive scaffold, skin is covered and 
protected with a very thin hydrogel layer (figure 2.3). The 
scaffold adheres to a thick hydrogel layer (figure 2.4). 
This layer acts as a shielding to protect environment from 
radiation. Finally, the radioactive scaffold with its 
shielding hydrogel layer is placed and adhered on top of 
the protection layer on the tumor surface to irradiate it 
(figure 2.5).  

Figure 1: Scaffold used in this study and its SEM images 
before and after coating with 90Sr salt  

Figure 2: A typical procedure on how the proposed planar 
beta radiation source can be applied on a skin cancer patient  

1. Surface of a skin 
cancer  

2. Radioactive scaffold 
tailored to the skin tumor 

3. Protection hydrogel 
layer adhered on the 
surface of the tumor  

4. Radioactive scaffold 
adhered to the shielding 
hydrogel layer  

5. Radioactive scaffold 
with its shielding layer 
placed on top of the 
tumor surface   
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3. Result and discussion  

A MEW fabricated scaffold was produced and loaded 
with 90Sr particles. The loaded salt in the texture of the 
scaffold, as the white particles, are clearly seen in the 
SEM image. Carboxylation of the scaffold surface via O2 
plasma treatment facilitated ionic interactions of the 
dissociated salt upon the scaffold surface resulting in 
adsorption and nucleation of the 90Sr particles. The 
loading procedure took only 4 hours, which means that 
even short half-life radioisotopes can be easily used in this 
patch for radiation therapy. This is of pivotal importance 
in case of rapidly proliferating malignancies that are best 
treated with short half-life radioisotopes. The short half-
life radioisotopes have high dose rate in comparison to 
long half-life radioisotopes, resulting in faster dose 
delivering to the tumor.   

As the salt particles are coated in the contexture of 
the scaffold, the amount of the activity on the scaffold can 
be controlled by changing the pattern of the contexture of 
the fabricated scaffold. In order to do this, density or 
thickness of the scaffold can be adjusted based on the 
need. 

The designed technological concept in this study has 
been optimized for beta-emitting radioisotopes. The 
protection layer that is placed directly on top of the tumor 
surface is thin enough to allow short-range beta particles 
to easily pass through it and reach the tumor. The thick 
hydrogel layer on top of the radioactive scaffold ensures 
that radiation in unwanted direction is absorbed in the 
hydrogel, protecting surrounding critical or healthy 
organs. 

The main target of this approach is treating skin 
cancer, but it can also be extended to other applications. 
One potential application could be irradiation of 
superficial tumors in interventional procedures. A good 
example of such scenario is radiation therapy of the tumor 
bed after lumpectomy. After the primary tumor is 
surgically removed, there is a chance that the tumor bed 
still contains residual cancerous cells. These cells may be 
considered a potential risk for the patient as they can lead 
to the tumor recurrence. As these cells are located in a 
thin layer of the tumor bed, radioactive patch with short-
range beta radiation can be used for radiation therapy of 
these cells. This could also lead to reducing the surgical 
margins accordingly. 

With biocompatible and biodegradable materials 
selected for the scaffold and hydrogel layers, the patch 
could be placed directly in the tumor bed, as a form of 
permanent brachytherapy. In this way, the radioactive 

patch will be gradually dissolved after completing 
radiation therapy and having deposited the desired amount 
of cell-killing radiation dose. 

4. Conclusion  
The potential application of the radioactive patch 

introduced here can be used in skin cancer cases that are 
not suitable for operation or are cosmetically sensitive like 
tumors located in the face, as well as for patients that 
cannot tolerate surgery because of their age or health 
status. As the scaffold can readily be fabricated in the size 
and shape of the tumor, it could be a base for tumor-
specific and personalized radiation therapy.  

However, besides the potential advantages of this 
concept, it should be noted that many further 
developments are still needed to make it suitable for a real 
application.  

First, the link of the particles to the scaffold context 
should be tested and improved to ensure that the 
radioisotopes coated in the scaffold are not released 
before the treatment duration is completed. This is of key 
importance not just to deliver the required dose to the 
target area, but also it is critical from radiation protection 
standpoint. Another important issue is the estimation of 
the radiation dose that is coated in the scaffold. Activity 
concentration is necessary to estimate exposition time 
required to deliver the desired physical dose.  

In conclusion, the proposed method proposed in this 
study may make it possible to leverage the effectiveness 
of several beta emitters in the management of the skin 
cancers with enhanced output to the patient.   

 
Author Statement 
Research funding: The current study was conducted as 
part of collaborative project DAAD sponsored research 
between Otto-Von-Guericke University in Germany and 
Queensland University of Technology in Australia. 
Conflict of interest: Authors state no conflict of interest. 
Informed consent: Informed consent has been obtained 
from all individuals included in this study. Ethical 
approval: The research related to human use complies 
with all the relevant national regulations, institutional 
policies and was performed in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
authors' institutional review board or equivalent 
committee. 
 
 

A. Pashazadeh et al.: Conceptual design of a personalized radiation therapy patch for skin cancer — 609

Brought to you by | Griffith University Library
Authenticated

Download Date | 6/21/19 6:07 AM



 
References  
 
[1]    Nguyen, T.H. and D.Q.-D. Ho, Nonmelanoma skin 
cancer. Current treatment options in oncology, 2002. 3(3): p. 
193-203. 
[2]   Kharofa, J., A. Currey, and J.F. Wilson, Patient reported 
outcomes in patients with nonmelanomatous skin cancers of 
the face treated with orthovoltage radiation therapy: a cross-
sectional survey. Int J Radiat Oncol Biol Phys, 2013. 87(4): p. 
636-7.  
[3]    Gianfaldoni, S., et al., An Overview on Radiotherapy: 
From Its History to Its Current Applications in Dermatology. 
Open Access Maced J Med Sci, 2017. 5(4): p. 521-525. 
[4]    Salgueiro, M., et al., Design and bioevaluation of a 32P-
patch for brachytherapy of skin diseases. Applied Radiation 
and Isotopes, 2008. 66(3): p. 303-309. 
[5]    Chung, Y.L., et al., Treatment of Bowen’s disease with a 
specially designed radioactive skin patch. European journal of 
nuclear medicine, 2000. 27(7): p. 842-846. 
[6]    Mukherjee, A., et al., Preparation and evaluation of 90Y 
skin patches for therapy of superficial tumours in mice. Nuclear 
medicine communications, 2002. 23(3): p. 243-247. 
[7]    Au - Wunner, F.M., et al., Melt Electrospinning Writing of 
Three-dimensional Poly(ϵ-caprolactone) Scaffolds with 
Controllable Morphologies for Tissue Engineering Applications. 
JoVE, 2017(130): p. e56289. 

 
 

 
 
 
 
 
 
 
 

610 — A. Pashazadeh et al.: Conceptual design of a personalized radiation therapy patch for skin cancer 

Brought to you by | Griffith University Library
Authenticated

Download Date | 6/21/19 6:07 AM


